. Moreover, women whose surgery occurred during the luteal phase and who received adjuvant therapy had better 5-year DFS than did women whose surgery occurred during the follicular phase (84%; 95% CI = 78% to 90% versus 67%; 95% CI = 58% to 78%; P = .02); they also had better OS (85%; 95% CI = 78% to 92% versus 75%; 95% CI = 66% to 84%; P = .03). Conclusions: The phase of the menstrual cycle at which surgery was done had no impact on survival for women who received mastectomy only. However, women who received a mastectomy and surgical oophorectomy and tamoxifen during the luteal phase had better outcomes than women who received surgery during the follicular phase. [J Natl Cancer Inst 2002;94:662-9]
Over a century ago, Beatson (1) reported on the positive impact of oophorectomy in premenopausal women with metastatic breast cancer. However, only in more recent years has this observation led to a detailed evaluation of this intervention early in the natural history of breast cancer. In 1992, a meta-analysis by the Early Breast Cancer Trialists' Collaborative Group (2) suggested that, contrary to general opinion at the time, adjuvant oophorectomy by surgery or radiation resulted in a sustained favorable impact on disease-free survival (DFS) and overall survival (OS). This finding encouraged several clinical trials (3-7), particularly of medical oophorectomy with luteinizing hormonereleasing hormone (LHRH) agonists, whose results have suggested that in hormone-receptor-positive, tumor-bearing patients, ablation of ovarian function does indeed provide survival benefit. Moreover, a laboratory report by Ratajczak et al. (8) and a clinical patient report by Hrushesky et al. (9) suggested that the timing of breast cancer surgery during the menstrual cycle could influence long-term outcomes. When the beneficial effects of surgery at specified times in the menstrual cycle could not be reproduced (10) (11) (12) using the periovulatory/perimenstrual divisions proposed by Hrushesky (9) , Badwe et al. (13) presented a refined hypothesis emphasizing the adverse effects of unopposed estrogen during the follicular phase of the menstrual cycle. Although a large study by Veronesi et al. (14) supported the Badwe hypothesis (13), a similar size study by Kroman et al. (15) did not. A review of Badwe's hypothesis (13) and a metaanalysis of many of the reported studies (16) , all retrospective, suggest that further research is needed to address the confounding influences and to investigate possible mechanisms for such postulated beneficial effects. Some of the potential confounding factors are immune function (17) , growth factors (18) , and the hormonal effects of surgery (19) (20) (21) , all of which have been suggested to co-vary with phase of the menstrual cycle. These effects might lead to greater adverse impact of tumor dissemination suggested to occur at the time of breast cancer surgery (22) .
In this historical context, we began a prospective randomized controlled trial of surgical oophorectomy and tamoxifen adjuvant therapy in Vietnamese and Chinese premenopausal women in 1993. The first results of the study show a highly statistically significant benefit in DFS and a nominally statistically significant benefit in OS from the adjuvant treatment (23) . In our trial, we recorded the date of the last menstrual period (LMP) before oophorectomy surgery, which in the majority of our study patients was done under the same anesthesia as mastectomy. Patients were diagnosed with breast cancer by aspiration cytology alone and, thus, mastectomy was the only breast surgical pro-cedure they underwent. We report here the results of an exploratory evaluation of the impact of oophorectomy performed during the follicular or luteal phase of the menstrual cycle, as defined by Badwe et al. (13, 16) , on the DFS and OS of patients in this randomized clinical trial.
SUBJECTS AND METHODS

Subjects and Study Design
The main initial results, study design, treatments, quality control, definitions, estrogen and progesterone receptor protein evaluation methods, and the histologic subtyping and grading for the trial, from which a subset of patients is reported upon here, have been published (23) . Briefly, from April 7, 1993 , through June 30, 1999, 662 Vietnamese and 47 Chinese premenopausal women (defined as those with at least one menstrual period in the last 12 months) with operable breast cancer [Tumor-NodeMetastasis stages II through IIIA (24) ] were recruited into a randomized clinical trial of mastectomy with adjuvant surgical oophorectomy and tamoxifen (20 mg by mouth per day) for 5 years versus mastectomy alone. In the mastectomy-alone group, subsequent oophorectomy and tamoxifen treatment were recommended for those who developed metastatic cancer.
All estrogen receptor (ER) studies were done 2-7 years after surgery on paraffin-embedded tissues available for two thirds of study patients (23) . Each participant gave written informed consent. 
Statistical Methods
The results reported here are from exploratory post hoc analyses of subsets of trial participants as defined in Fig. 1 (26, 27) . The model did not differ substantially from proportional hazards. DFS and OS curves were calculated using KaplanMeier methods (28) . All computations were performed with SAS software (version 6.12; SAS Institute, Cary, NC). All P values were calculated with two-sided tests of significance. 
RESULTS
Study Samples
In this study, patients were randomly assigned to receive adjuvant therapy with oophorectomy and tamoxifen or observation after primary surgical treatment with mastectomy ( Fig. 1) . Of the 709 patients who enrolled in the study, 89 patients were excluded from the primary analyses reported here because they entered the study after having undergone a mastectomy within the previous 2 months, they were without data on individual cycle length, or the estimates of the date of their last menstrual period were considered unreliable. Of the remaining 611 patients, 46 (7.5%) reported a first day of their last menstrual period more than 42 days before mastectomy with or without oophorectomy (Fig. 1) , and 97 (15.9%) reported a last menstrual period more than 28 but less than 43 days from the date of the surgeries. These data are consistent with those showing that 12% and 31% of subjects were older than 48 years and older than 45 years, respectively, when they entered the study and thus were at risk for perimenopausal anovulatory cycles. We assumed that a majority of the 46 patients with more than 42 days since their last menstrual period were anovulatory and, therefore, we excluded them from the primary analyses.
The main study sample had 565 patients who reported a last menstrual period 42 or fewer days before surgery (Fig. 1) . For further analyses, the patients who were randomly assigned to receive oophorectomy and tamoxifen were segregated into three study subsets. Subset 1 contained 98 patients who, on the basis of available ER data, were ER-positive. Subset 2 contained 90 patients who, on the basis of available ER data, were ERnegative (Fig. 1 ). Subset 3 contained 180 patients who were younger than 45 years and who reported a last menstrual period less than 36 days before the surgeries (Fig. 1) . For subset 3, we assumed that these criteria would lead to the inclusion of very few anovulatory women (in contrast with the situation for the main study samples, in which modest percentages of anovulatory women were likely to be included). The median follow-up time was 3.6 years (range ‫ס‬ 10 days through 8 years, 3 months), with the status unknown for longer than 6 months for fewer than 5% of the patients.
There was no statistically significant difference between the 565 patients with a reported last menstrual period at 42 or fewer days before the surgery and the 144 patients who entered the study but who were not included in the analyses regarding age, weight, pathologic tumor size, percentage of patients with pathologically positive axillary nodes, numbers of positive axillary nodes, or percentage of patients with histologic grade III tumors. For the prognostic factors listed in Table 1 , the population of patients with hormone receptor data did not statistically significantly differ from the population without these data. Table 1 shows that in the two intervention groups, in those who received oophorectomy and tamoxifen, a difference in weight was the only statistically significant variable between those who had surgery in the follicular phase and those who had surgery in the luteal phase of the menstrual cycle. For patients 44 years old and younger (subset 3, Fig. 1 ), there were no differences in the major prognostic factors between those patients whose surgery was performed during the follicular phase (1-14 days) and those whose surgery was performed during the luteal phase (15-35 days) of the menstrual cycle.
Principal Findings
To determine whether surgery during a particular menstrual cycle phase was associated with differences in the DFS or OS of the main study samples, we performed univariate proportional hazard analyses. Table 2 shows that the DFS and OS were similar for patients in the observation arm regardless of phase of the menstrual cycle. Compared with patients in the observation arm, patients treated with oophorectomy and tamoxifen benefited from this adjuvant treatment; however, the magnitude of the benefit for DFS was statistically significant only for those treated during the luteal phase of the menstrual cycle (RR [risk ratio] ‫ס‬ 0.45; 95% CI ‫ס‬ 0.28 to 0.73; P ‫ס‬ .001). Compared with patients treated with oophorectomy and tamoxifen during the follicular phase of the menstrual cycle, those in the same arm treated during the luteal phase of the menstrual cycle had a statistically significant benefit for DFS (RR ‫ס‬ 0.54; 95% CI ‫ס‬ 0.32 to 0.96; P ‫ס‬ .02) and for OS (RR ‫ס‬ 0.53; 95% CI ‫ס‬ 0.30 to 0.95; P ‫ס‬ .03) ( Table 2 ).
In multivariable analyses that used data from the main study samples, there was no association between menstrual cycle phase and DFS or OS for patients in the observation arm. However, for patients in the oophorectomy and tamoxifen arm, those who had surgery during the luteal phase of the menstrual cycle had RRs for DFS and OS of 0.38 (95% CI ‫ס‬ 0.18 to 0.79; P ‫ס‬ .01) and 0.41 (95% CI ‫ס‬ 0.19 to 0.88; P ‫ס‬ .02) compared with those who had surgery during the follicular phase of the menstrual cycle in models that included the square root of the number of positive axillary lymph nodes (this variable provides a better fit to the data than other single variables or combinations of variables used to describe axillary nodal status), pathologic tumor size, histologic tumor grade III, and ER-positive and progesterone receptor-positive status. In these models the directions and the magnitudes of the risk associated with each of the prognostic variables were as expected. Analysis for any interaction of the phase of surgery with these prognostic variables showed no statistically significant associations; for an interaction of menstrual phase at surgery with ER status, P ‫ס‬ .12.
To further investigate the association of menstrual cycle phase and response to adjuvant oophorectomy, we performed Kaplan-Meier analysis of the DFS and OS for the main study sample. As shown in Fig. 2 , among patients in the mastectomy only arm there was no statistically significant difference in DFS and OS for those who had surgery during the follicular phase of the menstrual cycle versus those who had surgery during the luteal phase. There was a statistically significant benefit in DFS for patients in the oophorectomy and tamoxifen arm who had surgery during the luteal phase compared with patients in the observation arm who had surgery during the luteal phase (P ‫ס‬ .001) and a benefit for oophorectomy/tamoxifen patients who had surgery during the follicular phase compared with follicular phase observation arm patients (P ‫ס‬ .016 for DFS) (data not shown). Kaplan-Meier estimates showed that patients in the oophorectomy and tamoxifen arm who had surgery during the luteal phase of the menstrual cycle had a statistically significant benefit compared with patients who had surgery during the follicular phase (P ‫ס‬ .02 for DFS and P ‫ס‬ .03 for OS) (Fig. 3) .
Exploratory Findings
In subset 1, patients with ER-positive cancers in the oophorectomy and tamoxifen arm who had surgery during the luteal phase of the menstrual cycle had better DFS than those who had surgery during the follicular phase (P ‫ס‬ .04) (Fig. 4 and Table  2 ). In subset 2, patients with ER-negative cancers in the oophorectomy and tamoxifen arm who had surgery during the luteal phase of the menstrual cycle had better DFS (P ‫ס‬ .04) and OS (P ‫ס‬ .02) than did those who had surgery during the follicular phase (Fig. 4 and Table 2 ).
When univariable or multivariable proportional hazards and Kaplan-Meier analyses were conducted in which women with a last menstrual period ഛ10, ഛ12, or ഛ16 days, or 3-14 days before the combined mastectomy and oophorectomy surgery were defined as those in the follicular phase, only minor differences in the results were found relative to those presented above. †Determination of the phase of the menstrual cycle was made on the basis of the date of the last menstrual period before surgery. Follicular phase patients were defined as those reporting a last menstrual period 1-14 days from the time of mastectomy. Luteal phase patients were defined as those reporting a last menstrual period 15-42 days from the time of surgery. ‡Main study samples refers to all patients who provided a date of their last menstrual period that occurred within 43 days of the surgery (n ‫ס‬ 565). §Of the 276 patients who were randomly assigned to receive adjuvant oophorectomy and tamoxifen, 98 were included in subset 1 (estrogen receptor-positive cancers), 90 were included in subset 2 (estrogen receptor-negative tumors), and 180 were included in subset 3 (age ഛ44 years).
Similarly, if women aged 44 years or younger who reported a menstrual period 35 days or fewer before the surgery were defined as being in the luteal phase, there was no difference in DFS and OS determined by Kaplan-Meier analyses between patients in the observation arm, regardless of menstrual cycle phase (P ‫ס‬ .54 and P ‫ס‬ .96, respectively) (Fig. 5) , whereas for those patients in the oophorectomy and tamoxifen arm (subset 3), DFS and OS were better for women treated during the luteal phase than for those treated during the follicular phase (P ‫ס‬ .001 and P ‫ס‬ .005, respectively) ( Fig. 6 and Table 2 ). The apparently greater differences in DFS and OS between the follicular and luteal phases of the treated study subset sample (Fig. 6 ) compared with the study main sample (Fig. 3 ) appear mainly consequent to a worse prognosis for follicular phase patients in the study subset sample. Analyses that include the 46 patients with a last menstrual period more than 42 days before mastectomy result in findings very similar in all respects to those for the main samples.
DISCUSSION
The relationship of menstrual cycle phase at the time of primary treatments for breast cancer to DFS and OS in premenopausal women is uncertain (16) . In this study we investigated this relationship in two populations: one receiving mastectomy treatment alone, in which we found no association of outcomes with menstrual cycle phase, and one receiving mastectomy and simultaneous oophorectomy, in which we found a statistically significant association with luteal phase surgeries and greater DFS and OS benefit.
In this study, using definitions of follicular and luteal phase derived from the reported date of the last menstrual period as surrogates to classify women with different hormonal conditions at the time of mastectomy and oophorectomy surgeries is clearly imperfect. Badwe et al. (29) found that, without blood hormone studies, at least 16% of premenopausal women are misclassified on the basis of reported menstrual cycle history. In our study, Fig. 2 . Kaplan-Meier curves for disease-free survival (A) and overall survival (B) patients with operable breast cancer who were randomly assigned to the mastectomy and observation arm. Follicular phase patients (n ‫ס‬ 125) (solid line) were defined as those reporting a last menstrual period 1-14 days from the time of mastectomy. Luteal phase patients (n ‫ס‬ 164) (dotted line) were defined as those reporting a last menstrual period 15-42 days from the time of surgery. Vertical error bars represent the 95% confidence intervals for the number of patients at risk at 3 and 5 years. There was no statistically significant difference between the curves as determined by the log-rank test. Fig. 3 . Kaplan-Meier curves for disease-free survival (DFS) (A) and overall survival (OS) (B) patients with operable breast cancer who were randomly assigned to mastectomy and oophorectomy on the same day, followed by tamoxifen therapy daily begun within 7 days. Follicular phase patients (n ‫ס‬ 118) (solid line) were defined as those reporting a last menstrual period 1-14 days from the time of mastectomy. Luteal phase patients (n ‫ס‬ 158) (dotted line) were defined as those reporting a last menstrual period 15-42 days from the time of surgery. Vertical error bars represent the 95% confidence intervals for the number of patients at risk at approximately 3 and 5 years. There was a statistically significant difference in the curves for DFS (P ‫ס‬ .02) and OS (P ‫ס‬ .03).
there may be a substantial anovulatory population (with unopposed but lower than follicular-phase estrogen levels) and a follicular population (with the follicular phase lasting longer than 14 days) included in the luteal phase groups in the main study samples. When the analysis was restricted to patients 44 years old and younger with a luteal phase of 15-35 days since the last menstrual period-circumstances likely to decrease the number of women with anovulatory, nonprogesterone-producing cycles included in the luteal phase group-the differences in the outcomes between the groups in the luteal and follicular phases increased ( Fig. 6 and Table 2 ). The absence of hormone receptor data for one third of patients in the entire study led to small numbers in the hormone-receptor-positive and hormonereceptor-negative subsets. The study samples description (Fig.  1) shows that the study sample subsets 1, 2, and 3, on whom data are reported, are selected groups for whom the initial study randomization cannot provide assurances regarding selection bias.
There are several strengths to the data reported in this study. First, the data were not confounded by oral contraceptive use (none used by our study patients), multiple surgeries, possible effects of mammography (none of the patients had mammography) and, most importantly, unspecified adjuvant therapies. Second, the date of the first day of the last menstrual period was available for all but 89 study subjects (Fig. 1) . The four main study sample groups were defined by a pre-randomization variable-the first day of last menstrual period; thus, these groups should not be subject to selection bias. Statistical tests applied to these groups are therefore valid because of the randomization. The results of the multivariable analyses provide further assurances that the results from the main study sample groups are not explained by subtle differences in prognostic factors. Finally, the data from this study are internally concordant: the four intervention/menstrual cycle phase comparisons present a consistent pic- Fig. 4 . Kaplan-Meier curves for disease-free survival (DFS) in patients with estrogen receptor (ER)-positive (A) or ER-negative (B) operable breast cancer who were randomly assigned to mastectomy and oophorectomy on the same day, followed by tamoxifen therapy daily begun within 7 days. Follicular phase patients (A, n ‫ס‬ 43; B, n ‫ס‬ 38) (solid line) were defined as those reporting a last menstrual period 1-14 days from the time of mastectomy. Luteal phase patients (A, n ‫ס‬ 55; B, n ‫ס‬ 52) (dotted line) were defined as those reporting a last menstrual period 15-42 days from the time of surgery. Vertical error bars represent the 95% confidence intervals for the number of patients at risk at approximately 3 and 5 years. There was a statistically significant difference in the DFS curve for patients with ER-positive cancers (P ‫ס‬ .04) but not for those with ER-negative cancers (P ‫ס‬ .09).
Fig. 5.
Kaplan-Meier curves for disease-free survival (DFS) (A) and overall survival (OS) (B) patients younger than 45 years with operable breast cancer who were randomly assigned to the mastectomy and observation arm. Follicular phase patients (n ‫ס‬ 91) (solid line) were defined as those reporting a last menstrual period 1-14 days from the time of mastectomy. Luteal phase patients (n ‫ס‬ 95) (dotted line) were defined as those reporting a last menstrual period 15-35 days from the time of surgery. Vertical error bars represent the 95% confidence intervals for the number of patients at risk at 3 and 5 years. There was no statistically significant difference between the curves as determined by the log-rank test for DFS (P ‫ס‬ .54) and OS (P ‫ס‬ .76).
ture (Table 2) ; different definitions of the follicular and luteal phases of the menstrual cycle give qualitatively similar results; and the strength of the apparent benefit for patients having surgery during the luteal phase increases when likely anovulatory patients (women 45 years old and older) are excluded.
Our results do not address the impact of menstrual cycle phase at the time of mastectomy surgery in the same way as the results of the previous investigators did ( [14] [15] [16] . In our study, the possible critical variables are the abrupt lowering of elevated estrogen and particularly progesterone levels as a result of oophorectomy at the time of breast cancer surgery. If the perimastectomy state is important, then our results support the Badwe et al. (13) hypothesis. However, it seems more likely that the impact of surgical oophorectomy is influenced by the phase of the menstrual cycle during which the surgery is performed. In normal breast tissue, epithelial cell proliferation and expression of prolactin receptors increase during the luteal phase of the menstrual cycle (30) . If such increases also occur in micrometastases, then the rapid lowering of hormonal levels by surgical oophorectomy during the luteal phase may exert a cytocidal effect through a variety of mechanisms (31) . In particular, differences in the regulation or levels of angiogenic factors and proteases between luteal and follicular phases may be important (32, 33) . Rapid changes in hormonal levels may also influence conditions within tissues that affect implantation of micrometastases (34) . In this study, the similar levels of benefit of oophorectomy during the luteal phase seen in patients with ERpositive or ER-negative cancers suggest that an exaggerated hormone withdrawal response is not the major mechanism operating.
The results reported here are from post hoc analyses of a trial designed to address other primary objectives and, clearly, further investigations are needed to establish the possible mechanisms and to confirm the findings. The impact of other systemic adjuvant therapies (both chemotherapies and LHRH agonists) may similarly vary with initiation at different times during the menstrual cycle. Furthermore, the timing of the withdrawal of hormone replacement therapy in women found to have breast cancer may influence their long-term prognosis. Our results suggest a paradigm shift in breast cancer treatment from the current emphasis on the type of hormonal therapy used to greater emphasis on the characteristics of the patient and the tumor when hormonal therapy is begun. Because the levels of effect associated with oophorectomy are large, and because having surgery during the luteal phase is easily achieved, it is urgent that rigorous clinical trials be done to determine whether specifically performing definitive breast tumor excision surgery with simultaneous oophorectomy in the luteal rather than the follicular phase of the menstrual cycle is, in fact, beneficial and to investigate the mechanisms through which such observations operate. Studies of the impact of oophorectomy at different times in the menstrual cycle as a treatment for metastatic disease are also indicated by our results. In new trials, blood hormone assessments should be done to specify the biochemical phase of the menstrual cycle at the time of surgery, a protocol being followed in the National Surgical Adjuvant Breast Project/North Central Cancer Treatment Group (NSABP/NCCTG) N9431 (35) . Finally, these results may have implications for the timing of therapies, particularly those of primary surgery, for other solid tumors.
In summary, we have found no evidence that the timing of mastectomy influences outcomes in women with operable breast cancer who received no adjuvant systemic therapy. By contrast, we found that women who underwent adjuvant oophorectomy simultaneously with mastectomy surgery during the estimated luteal phase of the menstrual cycle benefited from this treatment to a statistically significantly greater extent than did women who had this surgery during the follicular phase, and that women undergoing mastectomy and oophorectomy and tamoxifen during the follicular phase of the menstrual cycle derived a marginal benefit from the adjuvant hormonal treatment. Fig. 6 . Kaplan-Meier curves for disease-free survival (DFS) (A) and overall survival (OS) (B) patients 44 years old or younger with operable breast cancer who were randomly assigned to mastectomy and oophorectomy on the same day, followed by tamoxifen therapy begun within 7 days. Follicular phase patients (n ‫ס‬ 83) (solid line) were defined as those reporting a last menstrual period 1-14 days from the time of mastectomy. Luteal phase patients (n ‫ס‬ 97) (dotted line) were defined as those reporting a last menstrual period 15-35 days from the time of surgery. Vertical error bars represent the 95% confidence intervals for the number of patients at risk at 3 and 5 years. There were statistically significant differences between the curves as determined by the log-rank test for DFS (P ‫ס‬ .001) and OS (P ‫ס‬ .005).
